FSH-receptor (FSH-R) signaling is regulated by agonistinduced desensitization and internalization. It has been shown, in a variety of overexpression systems, that G protein-coupled receptor kinases (GRKs) phosphorylate the activated FSH-R, promote b-arrestin recruitment and ultimately lead to internalization. The accuracy of this mechanism has not yet been demonstrated in cells expressing these different molecules at physiological levels. Using sucrose gradient fractionation, we show that FSH induces the recruitment of the endogenous GRK 2 and b-arrestin 1/2 from the cytoplasm to the plasma membrane of rat primary Sertoli cells. As assessed by ligand binding, the FSH-R was found expressed in the fractions where GRK 2 and b-arrestins were recruited upon FSH treatment. In addition, the endogenous b-arrestin 1 was found dephosphorylated in an agonist-dependent manner. Finally, a significant FSH-binding activity was co-immunoprecipitated with the endogenous b-arrestins from agonist-stimulated but not from untreated Sertoli cell extracts. This FSH-R interaction with b-arrestins was sustained for up to 30 min. In conclusion, our data strongly suggest that the GRK/b-arrestin machinery plays a physiologically relevant role in the regulation of the FSH signaling.
Introduction
The follicle-stimulating hormone receptor (FSH-R), expressed by granulosa in female and Sertoli cells in male, is pivotal for gonadal development and gamete production during the fertile phase of life (Simoni et al. 1997 , Crepieux et al. 2004 . The FSH-R, together with the lutropin and thyrotropin receptors, belongs to the glycoprotein hormone receptor subfamily of seven membrane-spanning receptors (7MSR) (Simoni et al. 1997) . Following coupling of the FSH-R to Gs (heterotrimeric GTP-binding protein alpha subunit), cAMP and protein kinase A have long been shown to mediate FSH-specific intracellular signaling events ultimately leading to gene expression. Amongst the multiple mechanisms that regulate 7MSR signaling is their phosphorylation by the G protein-coupled receptor kinases (GRKs). These serinethreonine kinases are able to phosphorylate agonist-occupied receptors and promote their desensitization. The association of b-arrestins with GRK-phosphorylated receptors uncouples them from their effector G proteins (Kohout & Lefkowitz 2003) . The b-arrestins also function as adaptor proteins that target the desensitized receptor to components of the endocytic machinery such as AP-2 and clathrin (Claing et al. 2002) . In addition to their role in desensitization and internalization, b-arrestins are also able to scaffold various signaling proteins, including the extracellular signal-regulated kinase 1/2 (ERK) mitogen activated protein kinase (MAPK) components (Luttrell & Lefkowitz 2002 , Lefkowitz & Shenoy 2005 . As a prerequisite to their activation, GRK 2/3 and b-arrestin 1/2 are rapidly recruited, upon agonist stimulation, from cytoplasm to bg G protein subunits and to GRKphosphorylated receptor respectively (Touhara et al. 1994 , Barak et al. 1997 , Lodowski et al. 2003 . GRK2 associates to microsomial membranes in endogenous conditions (Garcia-Higuera & Mayor 1994 , Murga et al. 1996 , in contrast, GRK 5 and 6, the two other ubiquitous GRK, are mainly associated to the PM due to their polybasic and palmitoylated C-terminal ends respectively (Kohout & Lefkowitz 2003) . It has recently been shown that GRK5 and 6 were also able to undergo some intracellular traffic upon agonist stimulation, but the functional consequences of these relocalization events are much less documented (Marion et al. 2002 , Johnson et al. 2004 .
Like many other 7MSR, the FSH-R becomes functionally uncoupled from Gs upon continuous stimulation (Verhoeven et al. 1980 , Simoni et al. 1997 . When overexpressed, different GRKs phosphorylate the FSH-R in an agonist-dependent manner and desensitize cAMP production (Lazari et al. 1999 , Troispoux et al. 1999 , Kishi et al. 2002 , Marion et al. 2002 , Krishnamurthy et al. 2003a , 2003b . The interaction of the phosphorylated FSH-R with b-arrestins is essential for its functional uncoupling (Lazari et al. 1999 , Troispoux et al. 1999 . Moreover, activation of the FSH-R results in the internalization of the agonist-receptor complex via clathrin-coated pits by a pathway that requires both dynamin and arrestins (Nakamura et al. 1998 , Lazari et al. 1999 . Notably, in the studies published to date, the different partners (i.e. the GRK, the b-arrestin or the FSH-R) were heterogenously overexpressed. We have shown that GRKs and b-arrestins were able to uncouple the FSH-induced cAMP response in rat primary Sertoli cells, but the GRK and b-arrestins were transfected (Marion et al. 2002) . After overexpression, the stoichiometry within the signaling complexes is modified; the compartmentalization of the transfected factors is also questionable.
In the present study, we tested the hypothesis that the 'recruitment' of GRKs and b-arrestins to the activated FSH receptor that has been observed in cells overexpressing the participating proteins also occur at physiological levels of the partners. To this purpose, we used the well-characterized relocalization of GRK 2 and b-arrestin 1/2 upon agonist stimulation as a read-out of their recruitment to the FSH-R in rat primary Sertoli cells. We also took advantage of the agonist-induced dephosphorylation of b-arrestin 1 to look at the FSH effects in our model (Lin et al. 1997) .
Materials and Methods

Materials
Leibovitz's (L 15) medium and Dulbecco's minimum essential medium (DMEM) were purchased from Gibco-BRL Life Technologies. Penicillin, streptomycin, trypsin, trypsin inhibitor (Soybean), DNase type-I, and Human Transferrin were obtained from Sigma Chemical Co. Porcine FSH (pFSH) preparations were kindly donated by Y Combarnous (Nouzilly, France) and J Closset (Liège, Belgium).
The b-arrestin monoclonal antibody F4C1 was kindly provided by Dr L A Donoso (Thomas Jefferson University, PA, USA). The A1CT b-arrestin polyclonal antibody was a generous gift from Dr R J Lefkowitz (Durham, NC, USA) (Attramadal et al. 1992) . The GRK 2/3 monoclonal antibody C5/1 was purchased from Upstate Biotechnology (Waltham, MA, USA). Anti-E-cadherin, -Rab 4, and -Rab 11 monoclonal antibodies were purchased from Transduction Laboratories (Lexington, KY, USA). The rabbit polyclonal anti-Rab 7 antibody was a kind gift of Dr S R Pfeffer (Stanford University, CA, USA). The anti-Golgi p58-K was from Sigma. Phospho-b-arrestin1 antibody was from Cell Signaling Technology (Beverly, MA, USA).
Cell culture
Sertoli cells were prepared from testes of 12-day-old rats (Wistar, Janvier, France), according to a previously described method . The study was performed according to the European legislative, administrative and statutory measures concerning the protection of animals used for experimental or other scientific purposes (86/609/EEC). Our Sertoli cell preparations contained less than 10% of germ cells and 2% of myoid cells (Troispoux et al. 1998) . Sertoli cells were plated at a density of 30!10 6 cells in 100-mm dishes. Cultures were performed in DMEM supplemented with 100 U/ml penicillin, 2$5 mg/ml amphotericin B, 100 mg/ml streptomycin, 5 mg/ml human transferrin, 2 mM glutamine, 200 ng/ml vitamin E and 50 ng/ml vitamin A (retinol) at 34 8C in a humidified atmosphere of 5% CO 2 .
Subcellular fractionation
The day following their initial seeding, Sertoli cells were stimulated or not for 4 or 30 min with pFSH (100 ng/ml). Plates were ice-chilled and the cells were washed with ice-cold PBS. Cells were scraped into ice-cold buffer A (20 mM Hepes pH 7$5, 0$15 M NaCl, 250 mM sucrose) containing protease inhibitors (1 mM phenylmethylsulfonyl fluoride, 1 mM pepstatin A, 1 mM leupeptine, 5 mM EDTA, 3 mM EGTA, 50 mM b-glycerophosphate, 10 mM sodium fluoride, 0$1 mM orthovanadate, and 100 nM okadaic acid) and 1 mg/ml of cycloheximide and a postnuclear supernatant was prepared as previously described (Pasquali et al. 1999) . The fractionation procedure was carried out on a 10-40% continuous sucrose gradient as described by Fialka et al. (1997) . Then, 23 fractions were collected on ice from the bottom in 200 ml aliquots under constant volume delivery and stored at K20 8C. Fractions were numbered from the bottom of the gradient.
Immunoblotting
Equal volumes of each fraction (gradient samples) or equal amount of total cell lysates ( p-b-arrestin1 experiments) were boiled for 5 min in reducing conditions (125 mM Tris-HCl, pH 6$8, 20% glycerol, 4% b-mercaptoethanol, 2% SDS, and 0$02% bromophenol blue), prior loading on SDS-PAGE (10% acrylamide). Proteins were transferred onto polyvinylidene difluoride (PVDF) membranes, immunoblotted with specific antibodies and revealed using enhanced chemiluminescence autoradiography (NEN Life Science Products, Boston, MA, USA). The films as well as their corresponding PVDF membranes stained with Coomassie Blue were quantified using the NIH Image software (Bethesola, MD, USA). Signal intensities corresponding to the proteins specifically immunodetected in the different fractions were normalized using the total amounts of proteins loaded on each lane as determined by Bradford assays.
Enzymatic assays
The 5 0 -nucleotidase activity (5 0 -ribonucleotide phosphohydrolase, EC 3.1.3.5, 5 0 -NT) has been measured in gradient fractions as described (Ames & Durbin 1960) . Aryl sulfatase activity was assayed on each fraction according to Chang et al. (1981) . Specific activities were expressed as percentage of maximal response. To label the early endosomes (EE), 30! 10 6 Sertoli cells were incubated with 5 mg/ml of horseradish peroxidase (HRP) in DMEM for 4 min at 34 8C and washed three times with BSA (1%) in cold PBS. Then, the subcellular fractionation was carried out at 4 8C as described above. To label the late endocytic compartments, Sertoli cells were incubated with 5 mg/ml of HRP in DMEM for 4 min at 34 8C and then chased for 20 or 40 min at 34 8C in BSA (1%) DMEM. HRP activity of 30 ml of each gradient fraction was detected with 100 ml/well of a substrate mixture containing 2,2 0 -azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) at 0$04 M in 0$05 M glycine/citric acid buffer pH 4$0, and 0$01% H 2 O 2 (Innamorati et al. 2001) . After incubation for 10 min at room temperature, absorbance at 405 nm was measured with an automated microtiter plate reader Multiskan MKII (Labsystems, Helsinki, Finland). The background of endogenous HRP activity measured in unlabeled cells tested in the same conditions was subtracted and the results were expressed as percentage of total absorbance at 405 nm.
Binding assay
The assay was carried out in 50 mM Tris-HCl pH 7$4 containing 0$1% BSA and 6 mM CaCl 2 . Aliquots of the gradient fractions were incubated for 2 h at 37 8C in the presence of [
125 I]-pFSH labeled as previously described (Vandalem et al. 1979) . The nonspecific binding was measured by incubating separate tubes with an excess of unlabeled pFSH. The reaction was stopped by the addition of ice-cold buffer containing 15% of polyethylene glycol 6000. Tubes were subsequently centrifuged, washed, and counted.
Co-immunoprecipitation
Sertoli cells plated in 150 mm dishes were stimulated for the indicated time with 100 ng/ml of pFSH. At the end of the stimulation, cells were washed with ice-cold PBS and lysed in 1 ml of RIPA buffer (Tris-Cl 50 mM, pH 7$5, NaCl 300 mM, EDTA 5 mM, Triton X-100 and protease inhibitors). The lysates were centrifuged and the supernatants were precleared with 25 ml of protein A-sepharose (Sigma) for 1 h at 4 8C. Lysates were then incubated at 4 8C for 16 h in the presence of 10 mg of A1CT anti-b-arrestin antibody (Attramadal et al. 1992) . A control series of samples was incubated with normal rabbit serum instead of A1CT. In order to immunoprecipitate the immune complexes, 25 ml of protein A-sepharose were added to the samples for 1 h at 4 8C. The protein A sepharose beads were centrifuged and washed five times with RIPA buffer. The beads were subsequently resuspended in binding buffer and processed for binding assay as described above. The number of counts measured in the control series (i.e. no A1CT antibody) was subtracted from the values obtained in the other series.
Statistical analysis
Statistical significance was determined by using one-way ANOVA (Bonferoni's multiple comparison tests; Prism, GraphPad Software Inc., San Diego, CA, USA).
Results
We wanted to determine whether or not the activated FSH-R was able to recruit GRK 2 and b-arrestins. For this purpose, postnuclear supernatants of primary rat Sertoli cells were subjected to continuous 10-40% sucrose gradient fractionation. A typical distribution of total proteins after fractionation is shown (Fig. 1A) . To determine the distribution pattern of intracellular organelles along the gradient fractions, we used established organelle marker proteins (Fig. 1B) . E-Cadherin immunoreactivity denoted the presence of baso-lateral membranes in dense fractions 1-9 (Chen et al. 1999) . p58K, a trans-Golgi network (TGN) protein was also immunodetected in those fractions. Rab 4, which is involved in the recycling events from the EE to the PM, was immunodetected in dense fractions 5-9, likely anchored to the PM and recycling endosomes (RE), and in lighter fractions 15-19. Rab 7 protein is implicated in downstream endocytic traffic from the EE to the late endosomes (LE) (Chavrier et al. 1990 ) and in the continuous fusion events occurring between the EE and the lysosomes (Feng et al. 1995) . In fractionated Sertoli cells, Rab 7 was immunodetected both in fractions 5-9 and 14-18. Rab 11, a specific marker of recycling compartments, was found detected in fractions 1-9 and 15-21. Similar Rab 4, 7, and 11 detection in two distinct regions of a gradient has already been reported in other cells (Fialka et al. 1997) . The labeling observed in the dense part of the gradient could be due to their anchoring to the PM and lysosomes which are known to be arrival compartments for these Rab proteins.
To further characterize our gradient, HRP was internalized as fluid phase marker (Leighton et al. 1968) (Fig. 1C) . After 4 and 20 min of internalization, HRP was found in fractions 15-21. Then, HRP activity shifted to fractions 1-4 after 40 min of chase. This distribution of HRP confirms that EE and LE are enriched in fractions 15-21, while lysosomes are mainly located in the heaviest fractions (1-4).
Aryl sulfatase and 5 0 -nucleotidase activities were also measured to further confirm the localization of the lysosomal fractions and of the apical PMs respectively (Fig. 1D) . The major peak of aryl sulfatase activity was observed in fractions 1-2. In contrast, the 5 0 -nucleotidase activity was found in the lightest fractions (21-23). Together these data show that our fractionation procedure was able to separate the apical PM (fractions 21-23) from the baso-lateral PM (fractions 1-9) and EE/LE (fractions 15-21).
The next step in the characterization of our rat primary Sertoli cell gradients was to localize the FSH-R enriched fractions. Since there is no FSH-R specific antibody able to detect the endogenous level of this receptor, we assayed each fraction for binding activity to [
125 I]-FSH (Fig. 2) . The FSH binding sites were clearly located in the baso-lateral PM (fractions 1-9) and apical PM (fractions 21-23) enriched regions of the gradient. This result is consistent with the notion that the FSH-R mainly stays in the PMs in the absence of FSH.
We reasoned that the agonist-triggered translocation of GRK 2 from the cytoplasm to the PM, if it happened in primary Sertoli cells upon FSH stimulation, should be visualized in our gradient system. Thus, the subcellular localization of the endogenously expressed GRK 2 was determined in rat primary Sertoli cells stimulated with FSH for 0, 4, or 30 min. A representative experiment is shown in Fig. 3A ,B. In the absence of FSH, GRK 2 was predominantly detected in light EE/LE/RE-rich fractions 14-21 (Fig. 3A,B) . After 4 min stimulation, a significant increase of GRK 2 was detected in fractions 1-5 containing the basolateral PM. Interestingly, a very significant accumulation was also observed in fractions 22-23 containing the apical PM. After 30 min of stimulation, the GRK 2 translocation in fractions 1-6 and 9-12 was reinforced. Inversely, the GRK 2 accumulation, which was consistently observed in fractions 22-23 after 4 min, was abolished after 30 min of FSH stimulation. The sensitivity of GRK 3 detection was unfortunately insufficient in the gradient to achieve reliable quantification and analyses.
Next, we investigated whether FSH could also induce the translocation of endogenous b-arrestins in our model system (Fig. 4A,B) . In the absence of FSH, endogenous b-arrestins were predominantly detected in EE/LE-rich fractions 14-21. After 4 min stimulation, a significant increase of both b-arrestin 1 and 2 was detected in fractions 1-6 containing the baso-lateral PM. A significant accumulation was also consistently observed in fractions 22-23 containing the apical PM. After 30 min of stimulation, the b-arrestins were more abundant in fractions 1-6 than in controls and 4 min stimulated cells. Interestingly, b-arrestin 2 was found preferentially recruited in fraction 1-6 upon both 4 and 30 min of FSH stimulation. However, the accumulation of b-arrestins observed after 4 min stimulation in fractions 22-23 was abolished after 30 min of agonist treatment.
It is well established that b-arrestin 1, which is phosphorylated on Ser-412 in the absence of agonist stimulation, undergoes rapid dephosporylation upon receptor activation (Lin et al. 1997) . Based on the data presented in Fig. 4 of this paper, we hypothesized that FSH should induce b-arrestin 1 dephosphorylation in rat primary Sertoli cells. To test this hypothesis, Sertoli cells lysates were analyzed using an antibody specific for the phosphorylated form of b-arrestin 1. The results presented in Fig. 5A ,B show 28 and 64% of b-arrestin 1 dephosphorylation after 4 and 30 min of FSH stimulation respectively. Further, this finding confirms the ability of the FSH-R to trigger the recruitment of b-arrestins.
That FSH-triggered GRK 2 and b-arrestin relocalization in FSH-R enriched cellular compartments strongly suggested the involvement of the GRK/b-arrestin system in the regulation of this receptor signaling. In order to provide direct evidence, we immunoprecipitated the endogenous b-arrestins and measured the FSH-binding activity in the precipitates from 0, 4, or 30 min FSH-treated Sertoli cells (Fig. 6) . No significant specific binding was measured in the unstimulated cells. However, specific FSH-binding activity was consistently co-immunoprecipitated with the endogenous b-arrestins upon FSH stimulation for 4 and 30 min. These data show, in a physiologically relevant model, that FSH induces GRK 2 and b-arrestins recruitment and triggers the formation of a stable complex between the activated FSH-R and the b-arrestins.
Discussion
To date, the available data concerning the regulation of the FSH-R function by GRKs and b-arrestins have been accumulated using overexpression of at least one of the protein in heterologous or homologous cellular systems. Using this type of approaches, it has been demonstrated that different GRKs and b-arrestins are involved in regulating the internalization and signaling of the FSH-R (Lazari et al. 1999 , Troispoux et al. 1999 , Kishi et al. 2002 , Marion et al. 2002 , Krishnamurthy et al. 2003a , 2003b . However, when expressed above the physiological level, the stoichiometry of these factors within signaling complexes is altered and this might ultimately modify GRK and/or b-arrestin specificity. In the present study, using nontransfected rat primary Sertoli cells as a model, we provide strong evidence that endogenous GRK 2 and b-arrestin are recruited to the FSH-R in an agonistdependent manner.
Upon agonist stimulation, the FSH-R is internalized, whereas the hallmark of GRK 2/3 and b-arrestin 1/2 activation is their rapid relocalization from the cytoplasm to the PM (Kohout & Lefkowitz 2003) . Thus, we sought to determine whether FSH treatment was able to trigger comparable trafficking processes. However, primary Sertoli cells do not allow the direct detection of the FSH-R using immunochemical techniques because of the unavailability of antibodies that are able to detect the minute amounts of endogenously expressed receptors (about 1000/cell) (Simoni et al. 1997) . Moreover, we were not able to unambiguously localize the endogenous GRK 2/3 and b-arrestins in our primary Sertoli cell cultures by immunocytochemistry. These problems are usually overcome using epitope-tagged or GFP-fused versions of the proteins to detect these different proteins. However, this implies heterologous expression of the modified proteins and was not compatible with the aim of the present study. As an alternative, we have developed and Our results clearly show that FSH induces a rapid relocalization of endogenous GRK 2 in three distinct regions of the gradient. The translocation measured for GRK 2 increased between 4 and 30 min of FSH stimulation in the dense part of the gradient (fractions 1-5), whereas it was clearly transient in the lightest fractions (21-23). These two regions of the gradient were enriched with PM: the dense fractions were positive for E-cadherin, a basolateral PM marker; the light fractions were positive for 5 0 nucleotidase activity, an apical PM marker. Interestingly, in addition to E-cadherin, fractions 1-5 were also positive for p58K, Rab 11, and aryl sulfatase activity, which are markers of the TGN, the recycling compartment and the lysosomes respectively. Oppositely, fractions 21-23 were found positive only for the apical PM marker. Together, these data strongly suggest that after 4 min of FSH stimulation, GRK 2 was recruited to the PM, most likely via its interaction with the pleckshin homology domain of the free Gbg (Touhara et al. 1994 , Lodowski et al. 2003 . After 30 min of FSH treatment, GRK 2 might be co-localized together with the FSH-R and the b-arrestins inside the cytoplasm, in TGN and/or the recycling compartment. This hypothesis is consistent with published data showing GRK 2 in endocytic vesicles also containing a receptor and b-arrestin (RuizGomez & Mayor 1997) . Moreover, the TGN is well known to play an important role in the sorting of endocytosed receptors between the recycling and the degradation pathways (Vandenbulcke et al. 2000) . The same fractions also contained most of the lysosomes supporting this explanation. In the absence of agonist stimulation, the FSH-binding sites were located in fractions 1-9 and 21-23 of the gradient. Thus, this repartition nicely overlaps the GRK 2 recruitment sites and strongly supports our model. GRK 2 was also re-localized in a third region of the gradient (fractions 9-13) at both 4 and 30 min of FSH stimulation. However, none of our specific organelle markers were enriched in these fractions and we currently have no explanation for this result.
Phosphorylation of the agonist-occupied receptor by GRKs is a prerequisite to b-arrestin recruitment and to subsequent b-arrestin-dependent functional uncoupling, internalization, and signaling (Claing et al. 2002 , Luttrell & Lefkowitz 2002 , Kohout & Lefkowitz 2003 , Shenoy & Lefkowitz 2003 . Thus, GRK 2 is recruited to PM and FSH-R enriched regions of our gradient upon FSH stimulation suggesting that, as described in heterologous overexpression models (Lazari et al. 1999) , GRK 2 could phosphorylate the FSH-R in primary Sertoli cells. In agreement with this hypothesis, endogenous b-arrestins were relocalized in the gradient upon FSH stimulation. The pattern and kinetics of recruitment were remarkably similar to those determined for GRK 2. The formation of a complex between the receptor, GRK 2 and b-arrestin 1/2 within the cytoplasm is further substantiated by this observation. We also observed that b-arrestin 2 was preferentially recruited in fraction 1-6 of the gradients. The meaning of this preferential recruitment is not understood, but this finding supports the emerging notion that b-arrestin 1 and 2 do not have entirely overlapping functions (Reiter & Lefkowitz 2006) . As a result of the very low FSH-R number expressed at the PM of Sertoli cells, one can speculate that the observed changes in GRK2 and b-arrestins subcellular distribution triggered by FSH stimulation might not only be the consequence of multimolecular complex formation with FSH-R, but also reflect other FSH signaling-mediated modifications in GRK2 and b-arrestins trafficking. Further investigations will be necessary to test this hypothesis.
In addition, we demonstrated that b-arrestin 1 was dephosphorylated on Ser-412 upon FSH stimulation. The cytoplasmic form of b-arrestin 1 is known to be constitutively phosphorylated on this C-terminal Ser and to be recruited to the PM by agonist stimulation of the receptors. At the PM, b-arrestin 1 has been shown to undergo rapid dephosphorylation, a process that is required for its clathrin binding and receptor endocytosis, but not for receptor binding and desensitization (Lin et al. 1997) . Therefore, this result strongly suggests that the GRK/b-arrestin regulatory system is involved in the FSH-induced internalization of the FSH-R in primary Sertoli cells.
We also provide evidence for the FSH-induced formation of a complex between the FSH-R and b-arrestins. To achieve this at endogenous level of expression of the untagged partners, we have immunoprecipitated the b-arrestins using the A1CT polyclonal antibody. This antibody has been well characterized and used successfully to immunoprecipitate endogenous b-arrestins (McDonald et al. 2000) . We have used the high specificity and sensitivity of the FSH ligand binding to detect the co-immunoprecipitated FSH-R. This method has been proved to be reproducible and specific since virtually no interaction was found in the absence of FSH stimulation in agreement with many reports of b-arrestin recruitment to different 7MSR using a variety of other methods (Azzi et al. 2003 , Tohgo et al. 2003 .
Based on their internalization properties, 7MSRs have been recently divided into two classes, A and B (Oakley et al. 2000) . In the case of class A receptors, such as the b 2 -adrenergic receptor, b-arrestin 2 translocates to the receptor more readily than b-arrestin 1. The receptor and b-arrestin 2 co-localize in clathrin-coated pits at or near the cell surface, and rapidly dissociate before the receptor travels towards the endosomes. In the case of class B receptors, such as the AT 1A angiotensin or the V2 vasopressin receptors, equivalent quantities of b-arrestin 1 or 2 translocate to the receptor. Moreover, the receptor and b-arrestin co-localize throughout the internalization processes, and can be found together in the endosomes. Interestingly, we found that the interaction between the FSH-R and the b-arrestins was sustained for up to 30 min of FSH stimulation. This result suggests that the FSH-R belongs to the class B 7MSRs.
In conclusion, the present study provides some original data concerning the spatio-temporal pattern of agonistinduced relocalization of the FSH-R, GRK 2, and b-arrestins in a physiologically relevant model. These findings shed light on the cellular mechanisms governing the availability of the FSH-R to the cell surface, its responsiveness and possibly its signaling specificity.
